Introduction
============

Palate defects caused by tumor resection or other pathologies substantially affect speech and swallowing. Leaving the defect open is suboptimal because it results in hypernasal speech and nasal regurgitation of ingested foods and liquids, among other issues. Risk of aspiration is also increased. Anterior palate defects, which include the maxilla and teeth, may also have readily discernible cosmetic effects.

Before the advent and popularization of microvascular free tissue transfer, palate defect reconstruction was largely performed using local or regional tissue transfer. For larger defects, where local tissue transfer/rearrangement provided insufficient tissue for closure, regional flaps or obturators were used. Currently, free flap reconstruction using Anterolateral Thigh (ALT) or Radial Forearm Free Flap (RFFF) are popular options in many centers with trained microvascular surgeons. Reconstruction involving free flap harvest at a distant tissue site and inset in the palate adds time and an additional surgical site to the procedure, and often involves two teams.

Reconstruction of palate defects with a temporalis myofascial (TM) flap is a relatively straightforward procedure. It is a regional flap in close proximity to the defect site, and may be performed by a single surgeon without microvascular training. It is effective for most patients, and good outcomes have been demonstrated in large case series. [@JR0582-1] After TM flap harvest and inset, a hollowing in the temple is created. This secondary cosmetic side effect, however, can be treated with a cranioplasty, either as a secondary outpatient procedure or at the time of reconstructive surgery if desired by the patient. The surgeon may perform augmentation in the temporal fossa where the TM flap is harvested with a variety of materials, including autologous fat, injectable hydroxyapatite bone substitute, or preformed silicone implants, to name a few options. Other potential complications include alopecia around the incision line, trismus, fistula, and facial nerve paralysis, but they are not common. For these reasons, the TM flap can be considered by reconstructive surgeons as a reliable option for palate reconstruction, particularly when microvascular reconstruction is not readily available.

Patients that have undergone palate reconstruction using the TM flap are a heterogeneous group, with many different pathologies responsible for the defect. As a result, data from these procedures are mostly limited to case series and case reports. Outcomes data in recent large case series, however, have been positive and have shown good functional results among palate reconstructions performed using the temporalis muscle flap. [@JR0582-1]

The aims of this paper are to document the utility of and our outcomes with reconstruction of the palate using TM flaps in one of the largest case series to date. We also report the rate of postoperative cranioplasties performed to address the acquired cosmetic defect from TM flaps, of which there is little data. Our literature review is also the first to investigate the rates of flap-related complications using the TM flap in palate reconstruction.

Study Design/Methods
====================

We present a case series from the senior author\'s experience over a six-year period reconstructing hard and soft palate defects. This study was conducted with a waiver of oversight from the Institutional Review Board of Northwell Health System. Data collection was in compliance with the Health Insurance Portability and Accountability Act (HIPAA). We collected data on demographics, pathological features of disease, size of reconstruction, outcome measurements, and complications. Patients were included in this case series if they had a TM flap reconstruction of a hard and/or soft palate defect. There were 15 cases in this study, with a mean age range of 58 years (42--84 year range) ( [Table 1](#TB0582-1){ref-type="table"} ) **.**

###### Clinical data of patients with reconstruction with temporalis muscle flap

  \#   Age   Pathology                                           Type of Flap   Region           Size\*\* (cm)   Flap related complications   Need for flap revision   Cranioplasty
  ---- ----- --------------------------------------------------- -------------- ---------------- --------------- ---------------------------- ------------------------ --------------
  1    46    Recurrent Ameloblastoma                             TM             A/B              3               No                           No                       Yes
  2    84    SCC                                                 TM             B                4.5             No                           No                       No
  3    61    ACC                                                 TM             A/B              3               No                           No                       No
  4    68    SCC                                                 TM             B/C              4               No                           No                       No
  5    46    ACC                                                 TM             A/B              3               Residual fistula             Yes                      No
  6    47    Pleomorphic Adenoma                                 TM             A/B/C            6               No                           No                       No
  7    51    ACC                                                 TM             B                3               No                           No                       Yes
  8    42    Mucoepidermoid Carcinoma                            TM             B/C              3.5             No                           No                       Yes
  9    64    Defect secondary to chronic cocaine abuse           TM             B/C, part of A   3.5             No                           No                       Yes
  10   50    Adenocarcinoma                                      TM             B/C              3               Residual fistula\*           Yes                      No
  11   68    ACC                                                 TM             B                3               Trismus\*                    No                       Yes
  12   81    Defect Secondary to Iatrogenic Osteoradionecrosis   TM             b/l A/B/C        4               No                           No                       No
  13   47    ACC                                                 TM             B                1               No                           No                       No
  14   75    Malignant Melanoma                                  TM             A/B              3               No                           No                       No
  15   45    Adenocarcinoma                                      TM             A/B/C            4               No                           No                       No

Abbreviations: ACC, adenoid cystic carcinoma; b/l, bilateral; SCC, Squamous cell carcinoma; TF, temporoparietal fascia; TM, temporalis muscle.

\* corrected with surgery, \*\* size of defect, diameter (cm).

Region A -- premaxilla, Region B -- hard palate, Region C -- soft palate.

We took defect sizes directly from operative reports. If the defect size was not mentioned in the report, we used pathology specimen descriptions and the operative report descriptions to estimate the size of the defect. As a reference for palate size, we used typical palate measurements from previously compiled palate size databases. [@JR0582-2] [@JR0582-3] The palate defects were further categorized by location: A for the premaxilla, B for the hard palate, and C for the soft palate.

We performed a literature review to identify studies that examined the use of TM/TPF flaps for palate reconstruction. A MEDLINE database search via the [PubMed.gov]{.ul} portal was performed using the following terms: *temporalis flap palate, temporalis muscle flap palate, temporoparietal fascia flap palate, temporalis palate reconstruction, temporalis palate, temporalis muscle hard palate reconstruction, and temporalis flap palatal reconstruction.* Single case reports were excluded. Papers that did not specifically address palate reconstruction were excluded. We identified thirteen case series published between 1991 and 2012 on TM flaps specifically for palate reconstruction ( [Table 2](#TB0582-2){ref-type="table"} ) **.** Data recorded in the literature review were the numbers of patients and type and incidence of complications.

###### Summary of the most commonly reported complications associated with the use of TM/TF flaps specifically for palate reconstruction

  \#   Paper                      Number of Patients   Complications/notes
  ---- -------------------------- -------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1    Browne [@JR0582-1]         72                   3 (4.2%) Trismus, 4 (5.6%) Choanal stenosis, (1.4%) Ocular muscle entrapment, 21 (29.2%) Serous otitis media, 10 (13.9%) Temporal fossa infection. 31 (43%) patients had at least 1 complication
  2    Krzymański [@JR0582-18]    3                    2 (66%) oronasal fistula, managed with secondary suture
  3    Abu-El Naaj [@JR0582-19]   5                    1(20%) necrotic flap, resolved after local debridement
  4    Wong [@JR0582-20]          6                    1 (16.7%) Cheek Fullness, 1 (16.7%) Cheek Depression, 2 (33.3%) Velopharyngeal Incompetance, 2 (33.3%) Siaolocele.
  5    Abubaker [@JR0582-6]       8                    No complications
  6    Hanasono [@JR0582-21]      2                    No complications
  7    Thomson [@JR0582-22]       4                    \*
  8    Cordeiro [@JR0582-23]      24                   \*
  9    Clauser [@JR0582-5]        3                    \*
  10   Del Hoyo [@JR0582-24]      7                    \*
  11   Van der Wal [@JR0582-25]   4 CLP                No complications
  12   Colmenero [@JR0582-26]     4                    3 (75%) Trismus. Rest of complications not site specific
  13   Tartan [@JR0582-27]        2 adult CLP          No complications

Abbreviations: CLP, cleft lip and palate.

\* complications not listed as specific to the palate.

Results
=======

This retrospective study included 15 patients, with a mean age range of 58 years (42--84 year range). A wide mix of palate pathologies - benign, malignant, and others - were responsible for the palate defects that presented for reconstruction: the most commonly represented in this series was adenoid cystic carcinoma (ACC), which was involved in 5 of the 15 cases (33%). The rest are summarized in [Table 1](#TB0582-1){ref-type="table"} . Size of the defects reconstructed ranged from a maximum diameter of 1 to 6 cm, with a mean maximum diameter 3.5 cm. Defects were unilateral or bilateral and categorized by location (A -- premaxilla, B -- hard palate, C -- soft palate) within the palate. We used TM flaps to repair defects in all regions (A, B, C) of the palate.

The complications are summarized in [Table 1](#TB0582-1){ref-type="table"} . Three out of fifteen patients (20%) had flap related complications. The TM complication rate was similar to free flap complication rates published. [@JR0582-4] Two patients had residual fistula (14%) and one had trismus (7%). Fifteen of the flaps (100%) survived.

All flap related complications, with one exception, were successfully rectified with subsequent minor surgical procedures. The exception is one patient with a residual fistula whom at the time of this publication was being scheduled for corrective surgery.

Ultimately, all flaps (100%) survived, and 14 out of 15 patients (93%) had defects successfully reconstructed with TM flaps.

There were no cases of facial nerve paresis. Five (33%) of the 15 TM flap patients elected to pursue aesthetic correction of temporal hollowing with cranioplasty. These patients underwent subsequent temporal cranioplasty using either autologous fat or injectable hydroxyapatite (HA) bone substitute. Lastly, none of the patients self-reported any long term difficulties with speech or swallowing function.

Discussion
==========

The TM flap has, despite the advent of microsurgical techniques, remained a viable alternative in palate defect repair because of several factors. First, it is a hearty and well vascularized flap with low rates of necrosis. Next, it is large enough to fill large defects, even bilateral palate defects. It offers good functional outcomes for speech and swallowing. Also, the incision used to harvest this flap gives the surgeon access to additional tissue for reconstruction, including the TPF, periosteum over the bone of the temporal fossa, and calvarial bone. Finally, a single surgeon can perform a resection and the reconstruction in a single operative field.

The TM flap is a robust, well vascularized flap with excellent healing and functional outcomes. Large case series using the flap have consistently showed low rates of flap failure. Our study is the third largest case series to date on TM flap reconstruction of palate defects, and also examines secondary cranioplasty data. Our literature review looked at complication rates of TM flaps used to manage palate defects specifically. In the patient population identified in the literature review, 1 patient out of 106 recorded had flap necrosis (∼1%), and the flap survived after local surgical debridement ( [Table 2](#TB0582-2){ref-type="table"} ). The data in our case series is in line with the existing literature; the incidence of partial flap necrosis was low at one out of twenty patients (5%), with flap survival after local surgical debridement. Of note, our patient with partial TM flap necrosis had a background history of Wegner\'s granulomatosis, which caused the palatal defect. This could possibly have predisposed the patient to having a compromised vascular supply and therefore flap necrosis ( [Table 1](#TB0582-1){ref-type="table"} ).

Three out of fifteen (20%) had flap related complications. The complications were residual fistula (2 patients) and trismus (1 patient). All flap related defects, with one exception, were successfully rectified with a subsequent minor surgical procedure in the OR. The patient with trismus was managed with a Brisemont procedure. One patient with a post-operative fistula is pending corrective surgery at the time of this publication. Ultimately, all 14 out of 15 patients (93%) had defects successfully reconstructed with TM flaps, and all the flaps (100%) survived.

There were no cases of facial nerve compromise, which is lower than the reported facial nerve complication rate in the literature, which has been reported to be 19.2% and 2.7% for transient paresis and permanent paralysis, respectively. [@JR0582-5]

The TM flap offers a substantial amount of tissue to fill large bilateral palate defects. In our case series, the TM flap was used to fill unilateral defects up to 6 cm in length and bilateral defects up to 4 cm encompassing all regions of the palate (pre-maxilla with hard and soft palate). Similarly, Abubaker and Abouzgia reported closing palate defects up to 6 × 5 cm in size encompassing both the hard and soft palate, with no complications. [@JR0582-6] Guidelines on the maximum size of palate defects that can be closed with the TM flap have not been well established. Considerations that affect the maximum size of closure include the length and bulk of the temporalis muscle, as well as patient-specific anatomy during the flap rotation and tunneling into the oral cavity. Guidelines proposed by Brown and Shaw [@JR0582-7] describe that the TM flap can be used for: vertical maxillary defects, as long as they do not encompass orbits/nasal bones; horizontal palatal defects less than or equal to one-half the width of the palate; or a combination of the two. [@JR0582-7] This set of guidelines may be considered slightly conservative, as our case series and other authors [@JR0582-1] [@JR0582-6] have shown successful repair with significantly larger bilateral palate defects encompassing premaxilla, hard palate, and soft palate.

The versatility of the TM flap is also due to the availability of many tissue types (fascia, muscle, periosteum, skin, and calvarial bone) available to the surgeon to reconstruct the patient-specific defect.

Palate defect reconstruction aims to achieve some form of pre-disease functional restoration, of which speech and swallowing are important contributors to the patient\'s quality of life. We report no incidence of speech or swallowing defects in our case series. However, this was subjective and self-reported; as per standard management, formal testing with validated measurements would only have been done in patients reporting or have been clinically assessed to have functional deficiencies. The literature shows good functional outcomes in palate reconstruction with the TM flap - Browne et al assessed the post-operative function of 27 patients with TM flaps and found that mean nasalance (defined as degree of velopharyngeal opening in voiced speech) were within normal limits for connected speech tasks. Furthermore, swallowing scores in this study measured via MDADI (MD Anderson Dysphagia Inventory score) ranged from good to mildly affected. [@JR0582-1] In a smaller case series of 9 patients, Dallan and colleagues assessed swallowing function after TM flap reconstruction, with all but two patients having good swallowing function at more than 6 months post-operatively. [@JR0582-8]

Functional outcomes in microvascular free flap reconstruction are also good. Similar to TM reconstruction, swallowing function after reconstruction with a radial forearm free flap (RFFF) is excellent, with most patients eventually resuming normal diets. [@JR0582-9] Both TM and RFFF methods of reconstruction have superior swallowing function compared with organ preservation strategies, such as chemoradiation treatment regimens. [@JR0582-10] [@JR0582-11]

There is some evidence that speech outcomes may be better among patients reconstructed with TM flaps rather than RFFF, particularly among patients with large soft palate defects. Seikaly et al examined speech and swallowing function in 18 patients with RFFF reconstruction, and found that mean nasalance scores were higher than normal values (34% SD20, pre-radiotherapy; 31% SD15, post-radiotherapy) in RFFF patients with defects larger than half the soft palate. [@JR0582-9] In contrast, Browne et al found that mean nasalance scores for patients with TM reconstruction were at normal values for consecutive speech-low pressure (21% SD10), consecutive speech-high pressure (17% SD10), and sustained vowel tasks (26% SD17), regardless of defect size and location. [@JR0582-1] It is interesting to note that the location and size of the palate defect had a bearing on the eventual functional speech outcomes in RFFF reconstruction, as the study by Seikaly et al shows worse speech outcomes in patients with defects larger than half the soft palate. The study by Browne et al showed that nasalance scores did not appear to vary according to defect size/region, and remained universally lower than the RFFF data. These data point to the possibility that TM flap reconstruction could afford superior speech outcomes compared with RFFF, in particular nasalance. However, the aforementioned data are limited to small case series with relatively large standard deviations.

TM flap reconstruction benefits from the donor and defect areas being in the same surgical site. Because of this, a single surgeon or surgical team is able to perform this reconstruction. Microvascular free flap reconstruction requires two operation fields, and would arguably be less suitable for certain groups of patients who have a higher risk of failure of vascular anastomoses (high cardiovascular risk, candidates for radiotherapy).

However, TM flap reconstruction of the palate comes with several drawbacks. One of the main sequelae from TM flap reconstruction is the significant abnormal aesthetic of temporal hollowing, especially when the full bulk of the temporalis muscle is used. This is remedied with a secondary cranioplasty to restore aesthetic symmetry, as described above. In our case series, only patients with larger deficits elected for cranioplasties.

Another significant limitation of TM flaps, unlike microvascular flaps, is that TM flap reconstruction precludes any form of osseointegrated dental devices. [@JR0582-12] This puts a limitation in the locations that the TM flap would be able to repair to restore normal mechanical digestion and aesthetics, for example in the anterior pre-maxilla.

Despite good outcomes and reliability of the TM flap, current trends seem to favor microvascular transfer for primary palatal reconstruction over regional flaps. [@JR0582-13] [@JR0582-14] [@JR0582-15] [@JR0582-16] [@JR0582-17] The reasons for preference of obturation/prosthodontic or free flap microvascular transfer over regional flap options are varied. Using obturators and opting to leave an open cavity to monitor the tumor bed is one of the main reasons for not choosing surgical reconstruction. However, patients experience difficulties with these devices with discomfort, as well as lifestyle changes to accommodate deglutition and communication.

Free flap microvascular reconstruction using ALT or RFFF are currently popular options for palate reconstruction. The reason for their increasing use over regional reconstructive options likely stems, at least in part, due to contemporary surgeons\' increasing comfort and expertise in microsurgical techniques. Additionally, as regional flap reconstruction for palate defects becomes less popular, familiarity with surgical technique for harvesting them has decreased. Opting for free flap reconstruction over regional/TM flap reconstruction for palate defects removes risk of injury to the frontal branch of the facial nerve and need for adjuvant procedures to address acquired temporal hollowing. Furthermore, the aesthetic defect made with an ALT or RFFF may be considered less noticeable than that of a TM flap. Microvascular techniques also offer the possibility of osseous integration for dental implants. However, opting for microvascular reconstruction may add time to the procedure, as well as require an additional surgical team to harvest the donor tissue. The TM flap offers comparable outcomes with microvascular techniques in terms of complications, and the data suggests it may offer superior functional outcomes particularly in speech tasks. Whichever technique the reconstructive surgeon ultimately chooses, he will have to be cognizant of each method\'s various risks and benefits.

Conclusion
==========

The TM flap is a viable method of palate defect closure using a single surgeon approach. The TM flap has a high defect closure rate and flap survival rate. TM flaps are versatile in repairing palate defects of all sizes, in all regions of the palate. Cosmetic deformity created from TM flap harvest may be addressed using cranioplasty implant placement, either primarily or during a second stage procedure. Our literature review is the first to describe complication rates of palate reconstruction using the TM flap.
